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Liquid Argon for Direct Detection of Dark Matter

Work and Plans at Fermilab
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Why Liquid Argon

What are the technical issues

Why and What at Fermilab
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Why Liquid Argon for Dark Matter Detection :
 Signature of WIMP interaction: Nucleus recoiling from WIMP
 Experiment challenge is to reject backgrounds to DM signal
 and to have sufficient target-mass. Backgrounds come from
 photons (low dE/dx)  and neutrons (high dE/dx)

 Noble Liquids
•   radiation produces free charges and free photons

•   charge to light ratio depends on density of energy deposition

•   scintillation light has two components with different decay times
whose intensity ratio depends on density of energy deposition
Argon has particularly powerful separation here (PSD)

•   Argon allows one to exploit both ionization/light ratio and 
scintillation time structure for maximum discrimination.
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From the MAX collaboration S4 proposal

Argon and Xenon components of MAX detectors - Argon mass set by DUSEL access
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Chemical purity of Argon to allow electron drift (10’s ppt O2)
Chemical purity of Argon to allow light propagation(<ppm N2)
HV feedthroughs (>100 kV) in Argon gas
TPC design
Data Acquisition
Cryogenics (and associated safety issues)
Detector Materials Qualification
Shielding from environment radiation
Radio-purity of detector material
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What:
Critical Technical Issues:

39Ar in atmospheric Argon (1
Bq/kg) - this is a potential show-
stopper: β with 565 keV endpoint,
limits useful scale to ~0.5 ton
 (1 ton gives 3 x 1010 decays/yr)
 ->underground sources

Light detection efficiency
Photo-electrons/keV feeds into
threshold (discrimination power)
and thus sensitive cross section.
-> investigate photo-detectors
    & optics
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Why and What at Fermilab:

Interest among scientific staff 

Appropriate technical expertise  - in cryogenics, electronics

Synergies with Neutrino Program (prompted idea)
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fWhy and What: Fermilab

Technical Issues for Multi-ton Argon detector:

Chemical purity of Argon to allow electron drift (10’s ppt O2
equivalent),
Chemical purity of Argon to allow light propagation
HV feedthroughs (>100 kV) in Argon gas
TPC design
Data Acquisition
Cryogenics (and associated safety issues)
Detector Materials Qualification
Shielding from environment radiation
Radio-purity of detector materials
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fWhy and What Fermilab

Technical Issues for Multi-ton Argon detector:

Chemical purity of Argon to allow electron drift (10’s ppt O2
equivalent), (neutrino and DM)
Chemical purity of Argon to allow light propagation (DM)
HV feedthroughs (>100 kV) in Argon gas (neutrino and DM)
TPC design (neutrino and DM)
Data Acquisition (neutrino and DM)
Cryogenics (and associated safety issues) (neutrino and DM)
Detector Materials Qualification(neutrino and DM)
Shielding from environment radiation (DM)
Radio-purity of detector materials (DM)
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Learning how to do what has been done by others
(cryogenics, purification, purity monitoring, electronics readout (MSU) -
all are now designed and built in the US)

New stuff - our own filter systems, material test systems,
                    the effect of H20, coating fibers with TPB (MIT)
FERMILAB-TM-2384-E: efficiency of slow purging to remove

atmosphere to ppm levels

NIM-A

NIM-A
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Liquid Argon Setup for Materials Testing and TPC Readout
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Isolation Valve (below photo)

Put materials in Sample Cage in the Argon Lock
Seal the Argon Lock (open in photograph).
[Evacuate the Argon Lock (or not).]
Purge with pure argon gas (available from the

cryostat).
Unique system

insertion of materials
without exposure to vacuum
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Showing effect of
water concentration
on drift-lifetime - we
see the same effect
with all materials we
have tested. H20 is
perfect marker.

in liquid

just above liquid

near top

in liquid

just above liquid

near top

unevacuated sample of FR-4

evacuated sample of FR-4

Data from Materials Test System
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What for Dark Matter (only) at Fermilab:

Context:
DArCSIDE Collaboration*

- characterization of depleted Argon
 - preparation of 20 kg detector
   -->treat the Most Urgent Issues (39Ar, light collection)
 - preparation for next step towards MAX

Galbiati spending sabbatical year at Fermilab

Participation in S4 proposal, MAX, 5 ton Argon, 2 ton Xenon

* Depleted Argon Cryogenic Scintillation & Ionization Detector
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What: MAX collaboration S4 Proposal for
engineering of a 5 ton Argon and 2 ton Xenon
detector at DUSEL

Fermilab staff in important positions in
electronics, cryogenics, and
purification for the LAr detector

Fermilab Directorate provided letter of support.
NSF will fund
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MAX

responsibilities
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More MAX

responsibilities



August 7 2009 S. Pordes - Fermilab 21

f

Depleted Argon:

   Present 5% of atmosphere limit set by test volume (at Bern)

   Harvesting from CO2 wells (Princeton)

   Aim is characterization to < 1% of atmospheric rate
(Fermilab and Princeton)

Fermilab using high pressure (180 bar) ionization chamber of
OFHC copper with muon veto and hermetic lead-shielding in
NuMI tunnel
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20 kg device at Princeton -
inner TPC with depleted Argon
surrounded by normal Argon

R & D on:
light-collection,
TPC design,
PMTs (new from Hamamatsu),
bases,
electronics readout,
depleted Argon

Fermilab supplying:
PMT bases,
HV feedthroughs,
TPC electrostatics design

20 kg Innards (C.J. Martoff (guest))

TPC Drift-field Lines
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Next two years:

Build, run, study 20 kg device
Characterize depleted Argon
Develop data acquisition (with CD - triggerless DA)
R & D on light collection (wave-shifter, coatings, optics)
High-level responsibilities for Electronics, Cryogenics and
Purification in S4 proposal
Develop and present proposal for intermediate (~500 kg)
device as prototype for MAX
(full Argon mechanical system - partial coverage with PMTs(?))
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Back-ups
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Time distribution of
light* output from
Liquid Argon for
γs, αs and neutrons

2 components:
τ(fast) = 7 ns
τ(slow) = 1600 ns

I(fast)/I(slow)
= 0.3(γ)
= 1.0(α)
= 3.0(neutrons)

*convolved with waveshifter
and PMT response from T. Pollman
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Ionization distribution for nuclear recoil and electron

nuclear recoil electron
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MicroBooNE
(180 tons total)

Luke

Bo

ArgoNeuT

20
ton

LAPD

Dark Matter

argon purification and purity monitoring
materials
Electronics (TPC readout)
cryogenics controls

Connections between different devices

physics analysis


